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DEFINITIONS 

AC Attitude Command 

ACAH Attitude Command Attitude Hold 

DVE Degraded Visual Environment, as defined in ADS-33D-PRF (Ref 1) 

FPS Flight Path Stabilization 

GVE Good Visual Environment 

HH Height Hold control mode 

HQR Handling Qualities Rating 

Kp Gain in the lateral axis; roll rate 

Kp hl Gain in the lateral axis; attitude 

K, Pitch rate gain 

Ksat Series servo percentage saturation 

K«», Pitch attitude gain to the parallel servo 

Kes Pitch attitude gain to the series servo 

LASCAS Limited Authority Stability and Control Augmentation System 
MTE Mission Task Element, as defined in ADS-33D-PRF (Ref 1) 

NVG Night Vision Goggles 

PIO Pilot Induced Oscillations 

RC Rate Command 

RCON6 Test configuration designation 

RCON9 Test configuration designation 

SAS Stability Augmentation System 

SCAS Stability and Control Augmentation System 

SP3A Test configuration designation 

SP4A Test configuration designation 

SP4B Test configuration designation 

T b Attitude feedback blend-out time 

UCE Useable Cue Environment, as defined in ADS-33D-PRF (Ref 1) 
x Earth axis forward displacement 
y Earth axis lateral displacement 

obw Bandwidth frequency, as defined in ADS-33D-PRF (Ref 1) 

Tf Phase delay, as defined in ADS-33D-PRF (Ref 1) 
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SUMMARY J . 

The purpose of the study was to develop 

response in moderate to aggress, v« maneuven L^T,, S wort on the UH-60 helicopte? so that it 
existing ± 10%. In particular, to develop a scheme vtitat _wouId worn omtu^^ ^ ^ UH . 6 S A version of 

can be considered for incorporation in future Pg - g Evaluation tasks were Hover, 

Son^^^ 

servo could be supplemented by a 10 A feedback between the series and trim servos, and 

feedback to only the series servo, shar . , f ee( jback was slowly phased out. Results show 

when the series servo approached saturation the SwYn „id around hover. This 

INTRODUCTION 

Th^cuncmTcncration of US Army helicopters have flight control wi,h ‘ ca “'°’ 

authority limited to nominally ± 10%. This limits response type to Rate Comman ( > 

With RC, pilot workload increases and ach,ev ^ 1 * ^^untered when vSn'aids are employed in non- 
environment (DVE). Such conditions are typic Y moonless night). The effect of reduced 

ideal conditions (e.g., using night vision goggle ( ) ac i es - 2) the ability to perceive fine- 

visual cueing is twofold: 1) the pilot has vigilance is 

grained texture is degraded. Consequences of the fonner ^^^^'^’^e second effect are not 
required to avoid collisions with objects or eg _ for 1qw ed and hovcr operations, but it 
obvious or intuitive. The visual scene appears to b position control. Flight path control 

is missing subtle cues that are necessary for precise addition" undetected 

Sr iS^t^lSs" ?ol«; 

— — ~ “ 

in-flight simulations have show, that ati.tude - JUW- 

& ,ha ‘ ACAH b ' ava,,abl ' in 
DVE calibrated as a Usable Cue Environment UCE 2. Comanche 

a helicopter whh a fullautho,,^ u« 

ACAH is achievable and is provided in the design. ’ ... d Contro i System Augmentation 

hydro-mechanical systems, not fly-by -wire. y event of failures, authority is limited to 

(SCAS) actuators to provide stabilization ^ hither-to provided only rate damping, 

nominally ± 10%. Such limited authority SCAS (LASCAS) have n tner p , have 

or perhaps rate command 

El! wh'?e ", e „itg“Sy no cZges to the hydro-mechanical portions of the flight control system 
hardware. 
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Several experiments have been performed to investigate techniques for achieving the benefits of ACAH 
without increasing the actuator authority (Refs 2 - 6). The results suggest that much improved handling 
qualities can be achieved with up to moderate levels of maneuvering aggressiveness. However, the level 
of aggressiveness at which the servo saturates, and the effective handling qualities when in saturation, 
will depend on the basic helicopter's dynamic characteristics. A possible candidate for applying ACAH 
to upgrade an existing US Army helicopter is the UH-60M upgrade. In the Ref 3 and 5 trials, it was not 
possible to simulate a basic helicopter with long term damping ratio as unstable as the UH-60, so the 
question remained as to what effect this may have on the results. It was therefore decided to select the 
most promising technique from Ref. 5 and determine how good it could be made for the UH-60. The 
trials described in this report were performed in August and September 1998 using the NASA Ames 
Research Center Vertical Motion Simulator (VMS). 

Objectives 

The primary objectives of this simulation were: 

1. To build on the past work to develop generic principles for LASCAS design for incorporation into 
future design guides. 

2. To refine the concepts to ensure that handling qualities remain safe even in very aggressive 
maneuvers. 

3. To develop a scheme that should work on the UH-60 helicopter so that it can be considered for 
incorporation in future upgrades. 

Overview of Limited-Authority ACAH Flight Control Systems 

Limited-authority flight control systems are commonly used on current military rotorcraft. A 
functional schematic of such a system is shown in Fig l. In this system the series servo provides inputs 
to the swashplate without feedback to the pilot's control stick (i.e M the servo is in series with the pilot). 
The trim servo is typically activated by the pilot’s trim switch, but can also be driven by feedback from 
aircraft states as is the case in typical autopilot functions. Movement of the trim servo causes not only 
a change in the swashplate but is also reflected directly at the stick (i.e., the trim servo is in parallel 
with the pilot). 

The series servo is typically fast (order of 100%/sec), but authority is limited to approximately ±10% 
of equivalent pilot stick travel to protect against hardover failures. That is, if the series servo fails 
hardover, the pilot has 90% of the control to counteract the 10% hardover. Any modifications to this 
authority could involve significant changes to the hardware, and would require airworthiness re- 
qualification, not only for the new hardware, but also to assure that the pilot can recover safety in the 
case of hardover failures. This would be very expensive. It has therefore been taken as a given that a 
practical addition of ACAH stabilization requires that it be accomplished with the existing series servos. 

The parallel or trim servos typically have full authority, but are rate-limited to approximately 10% of 
full travel per second. This is done to protect against excessive transients in the event of a trim 
runaway. If the trim servo is used to augment the attitude feedback the augmentation feedback will be 
felt by the pilot at the control stick and will modify the stick free dynamics (response to pilot’s control 
force inputs) to be different from the stick fixed dynamics (response to the pilot’s control displacement 
inputs). 

The primary handling qualities issues then that must be considered in devising control system 
architectures that approximate a full-authority ACAH are: 

1. Series servo position limiting, 

2. Parallel servo rate limiting, 

3. Control stick motion and modified stick free dynamics 

Position limiting on a limited-authority system will cause the response to transition from ACAH to the 
unaugmented rate-like dynamics. This could be favorable or unfavorable. 

If the unaugmented aircraft is well damped, then the transition to the unaugmented dynamics following 
the demand for a large attitude change can appear to the pilot as a smart switch to a Rate Response- 


2 



Type. This will increase maneuvering agility and could overcome the primary drawback of AC A 

make it desirable even for day GVE operation. , , 

On the other hand, if the dynamics of the an g mented aircraft are . signtficantty 

/. d 

f ^'thTlfe^Vfl^t tesuand die^Ref ” simulation^Stkk movement forautop^lot^unctTons is widely 

^ m p^r S tk ft=; d^.mics which resulted when the parallel servo reached rts rate hunts. 

Augmentation Configurations 

(SP) control system archhecm'^T^f^archhectm^siinpl'y sp^^the ^ttitude^tdtatA^e^wn^Ute 

&sd^ 

longitudinal axis. The control system architecture for the lateral axis is similar to t e ongitu i 

The tradeoff between stick motion and series servo saturation is easily studied with 
If K » K » the stick motion due to attitude stabilization feedback will be small. Most of the sig 
wiUpMS through the series servo and there will be a tendency for saturation ,f pttch attitude is mcreased 
te moderaTe vllues If K* « K„ the stick motion will be large but the series servo will have less 
!™d.^cy ?o samrate. Configurations ranged from SP 1 , where K* » Kw to SP4, where K* « 

attitude commands. A blend time of 5 seconds produced a smooth blend. 

It was also found desirable to initiate the blending before actual saturation «KCurred Thi s.._ a chieved 
with the Ksat term in Figure 2. In the flight tests, Ksat was nominally set to 0.80 to cause the menu g 
to star* when'thT i'npm to the series Lvo reached 80% of saturation Unfortunately, due to an 
oversight, this parameter Ksat was set at 1 .0 in this study. 

sr-srsas sz 

where saturation occurs if the angular rates are zero. Thus 6 slt - o tt , / K tt 

SIMULATION SET-UP 

This experiment was pwfomwd shortly aftm^he^^rcAtrials, 

handling pities criteria , 

and the other approac^minimized the mismatch between the open and closed loop frequency respons^, 
and allowed the ADS-33D-PRF criteria to be compromised. Because of the simi ari y 
much of the simulator set-up was carried over to these trials without change. 
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” i. was configured for one^wifi. — - 

a^^utherland KIG 4^30 ^presented 1 * *^ay” V 'goo^ 

cues when viewed directly with fu train the pilots so that they were familiar 

Environment (GVE). This •'day” '7''°^'"' “t^e degraded visual environment (DVE) 
With the configuration response and the ^J^nTrator was set to a night scene and viewed through 
night scene. To simulate the DVE * B assessed in PAFCA (Ref. 7) to give the UCE-1 for the 

SfTo S m^nn,a“ " as ' 0,lKd 9 ° d ‘ B *“ 

heading when performing the acceleration deceleration maneuver. 

Helicopter Math Model as programmed for real time 

The math model used was the Slk °^ This mode , uses a b i a d e element rotor model with flap and 
operation by NASA Ames Researc • f blade and fuselage aerodynamics and rotor 

^StI rrTm and governor were included 

^r-Lly planned to use a fairly 

simplified math model, so it was decided to revert t NH^ , aw synthesis , so augmentation gain 

impractical to develop linearized vers ions i t< o \ us e feedbacks Thus pitch attitude and rate were 

settings were restricted to simple rate feedbacks^ ^ ^ ^ axj$ through the 

fed to the longitudinal control axis an 2 These inputs passed through the mechanical mixing 

parallel (trim) and SAS servos as shown mF ^ J, ective axis was modified to provide 
box so were equivalent to inches of P^ st “*J t he basic aircraft. 

Height Hold. The yaw axis was no mo 1 1 . . tbe se ries actuator was varied from 

The ratio of attitude feedback to the paral e .act ^ ° er vo) This gave a range of attitude command 
1:3 to infinity (i.e. all attitude feedback to the paraUe se ) of gains use d. Using just 

authority, at zero rate, from 5.2 deg to nnfi ini y. b nominal bandwidth of 2.0 r/s in pitch and 

attitude and rate feedback t as a reference or baseline. 

4.0 r/s in roll. The basic UH-60 with Height Hold added was ^ for aU of the tested 

Table 2 shows the bandwidth frequencies an p ase^ gAS ^ pps Qn and the frequency match 
configurations, including the standard - feedback to the parallel servo causes the response 

design configuration from PAFCA ( e ). control displacement. Based on the phase delay 

to control force to be different from the response resDOnse to control displacement are slightly 

definition of bandwidth, the bandwidth frequenci * response to displacement are in the range 

higher than in response to control force. The pha y Q J se to force , for pitch, range from 0^23 

of 0.1, which is satisfactory. However, the ^phase delay P delays ranging up to 0 2 

to 0.31 which sets them in the Level 3 : mj- displac F eme nt are just greater than 10 
marginally Level 2. The 8 a ‘ n mairgi $e t0 f orcCi the gain margin bandwidths are largely 

for pitch, and range up to 2.0 for ro . P f t i 0 n SP4B are provided in Figure 3. 
indeterminate. Pitch and roll Bode plots for configuration ww ‘ P ^ spiA sp3A and Sp4B . 

Figures 4-9 show step responses to control force a "d d> s P ^ Attitude command step response 
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expected. 

Prpdicted HO based on ADS-33 criteria 

Tn ADS-33 bandwidth is determined by frequencies related to a gain margin ora AHTeTponse types 
response types, bandwidth is defined as the lesser of these two fraquenct*. For ACAH ™spt»jaa typ« 

“r™ de, 'd da" S d forTlo a,n mar8i “ are ^ 

than from phase margins or are indeterminate, thus are potential candidates for PIO. 

BasodTtha phasa daftnition of bandwidth this 

pitch, the bandwidth was Level 1 in response to control displacement, but ^ Most Qf 

The AC character was quite good, but limited to feedback fo the parallel servo. These 

the attitude feedback was to the senes servo, with only ni tch and rofr should be good, but the AC 
characteristics would suggest that overall responses in both to the parallel 

benefits would be available only in very gentle ^ aneuve " S m ^/f 0 T^not be significant even in the 
servo feedback should not be intrusive. Cross coupling was small, so should not be signmca 

aggressive parts of the maneuvers. 

mm 

However, note that m GVE (UCE-1) the pitch banawiom wou down „ ra ded due to this factor. 

so the ratings for the acceleration and deceleration task -lortn^PlA that is marginal 

may not actually be Level 2 but would probably not be good. 

Evaluation Methodology . 1TCA 

Seven highly experienced roiorcraf. ies. pUo.s pamcipated^ 

Aeroflightdynamics Directorate, NASA Ames ^ . 0 f ADS-33 that was current at the time. 

Ref 0 ' l^ T^iese V w«e l the ‘Degraded W Environment (DVE) Minion Task Elements of Hover 
Acceleration and deceleration, and si J“ le £ allowed t”fly^cbconfigurat'ion in a task as 

— ™ R > ^ 

Harper HQR Scale, Ref. 9. 

RESULTS 

A total of 1632 individual runs were performed. The HQR assigned to all of the rated runs are given in 
Table 4 for the night (DVE) runs and Table 5 for the day (GVE) runs. 
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A composite plot of HQR maximum, minimum and average, with Height Hold on is shown on Figure 10 
The effect of deleting Height Hold is shown on Figure 11. 

The effect on HQR of changing to Day (UCE=1) visual cues is shown on F.gure 12 
The effect of changing control force breakout and gradient is shown on Figure 13. 

Time histones for a typical acceleration-deceleration maneuver for each of the configurations SP1A, 
SP3A SP4B and UH -60 are shown on Figures 14-17. 

Time histories for a typical hover maneuver for each of the configurations SP1A, SP3A, SP4B, and 

UH-60 are shown on Figures 18-21. 

Time histones for a typical sidestep maneuver for each of the configurations SP1 A, SP3A, SP4B, 
UH-60 are shown on Figures 22-25. 

Abstracts of transcribed pilot comments for each of the configurations SP 1 A, SP3 A, SP , 

UH-60 are provided in Appendix D . 

Abstracts of transcribed pilot comments for configurations SP3A and UH-60 with He.ght Hold 

off are provided in Appendix E , 

Abstracts of transcribed pilot comments illustrating the effect of stick force grad.en, and breakout on 

configuration SP4B are provided 1 m i Appendix F. calibrated ^ uc£ . 2 o[ great „ , 

?ceTa?AH pr f d f et“,e iZttSL ,n fact be detrimental if i, inhibits — mbi^. As 
Instiled earlier it was found that UCE=2 for the Hover and Sidestep tasks, but UCE-1 for the 
Accelermion^nd decderation. With this in mind, i, is convenient ,o review the results of the various 
configurations grouped by task. 

Acceleration and deceleration task 

As expected, all of the SP configurations, and even the baseline UH-60 (HH on), were rated Level 1 

average HOR in the acceleration and deceleration task (Figure 10) 

t - _ c /cpi a QpiA SP4B and the UH-60) show a clean acceleration 

SP3A exhibits less series servo saturation than SP1A at the initial acceleration 

ends of the run. * ^ a 

UH-60 is similar to SP1A but shows additional saturation of the senes servos at the end of the 
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Hover task 

Hover is probably the most difficult task to perform in the DVE (Appendix D, UH-60. pilot Gr, run 
1404). The criticality of the task is mostly in quickly achieving the precise hover and then maintaining 

it for 30 seconds. 

Time histories of typical hover runs are shown in Figures 18-21. 

SPi A shows a very aggressive hover capture from a translational velocity of greater than 10 ft/sec. 
S«e !s mtle oveTshoot in x and y at the hover position. Noticeable saturation of the senes servo 
occurs at the hover capture, but there are no signs of parallel servo limiting. There are distinct sig 
PIO (large amplitude stick force and position oscillations) during the hover capture. 

SP3A achieves a hover capture that is even more aggressive than shown by SPI A. This aggressive 
capture results in noticeable saturation of the series servos and rate limiting of the parallel servos. As 
with SPI A there are distinct signs of PIO during the hover capture. 

SP4B achieved a much slower, less aggressive hover capture than SPI A and SP3A, though still wit in 
the desired tolerances. This more relaxed capture did not cause any signs of series or parallel 
saturation, and control oscillations were less apparent. 

UH-60 achieved a capture comparable to SP4B, but the subsequent hover was noticeably less precise 

with the longitudinal position wandering off. 

In this .ask. stabilization ability is probably more important than large attitude Thrs ts 

reflected in the HQR. SPI A and SP3A achieve the most approvement fron, .the UH-60 » “ “ 
average HQR of about 3.7. The pilot comments seem to confirm this. SP1A had no particu 

deficiencies (Appendix D: SPI A, pilots A, G, H, and W). 

On SP3A several of the pilots commented that the pitch axis is somewhat marginal though stable once 
established in the hover. This is probably due to the marginal bandwidth that resulted from the excessive 
attitude feedback to the parallel servo 

SP4A and SP4B received noticeably worse ratings than SP1A and SP3A, probably due to the reduced 
bandwidth and degraded AC as predicted above. Several of the pilots noticed the significant stick 
motions caused by the large feedback to the parallel servo, but only pdot H downrated the ^nfigura ion 
explicitly because of stick motions (Appendix D, SP4B, pilot H, run 1271). The more modest stick 
motions of other configurations were noticed, but did not cause particular concerns. 

Sidestep task 

The sidestep task demands aggressive bank angle changes. It is probably the cnticalmaneuverfor 
limiting saturation and nonlinearities in roll, and for cross coupling at the roll-in and roll-out. There is 
stUl a need for good stabilization at the end, though not for as long as the hover, nor with such 

precision. 

Time histories of typical sidestep runs are shown in Figures 22-25. 

SPI A shows good acceleration to about 30 ft/scc followed by a clean deceleration to hover, toies servo 
saturation is noticeable in both pitch and roll. This saturation stuns at roll-in to the sidestep, and 
continues throughout the translation as the pitch and roll attitudes oscillate. 

SP3A shows series servo saturation and pitch and roll oscillations that are similar to those exhibited by 
SPI A. In addition, it has noticeable rate limiting in the parallel servos. The sidestep roll-in and roll-out 
are cleanly done, but there is a large overshoot in longitudinal position at the end. 

SP4B shows no series or parallel servo limiting during any part of the run. Pitch and r °" ° sc ^ at ‘°“f r ® 
greatly reduced from those of SPI A and SP3A. Significant oscillations occur m the pitch and roll stick 
forces^and displacements during the hover capture, perhaps indicating a tendency to PIO. Final capture 
of the hover seems well done. 

UH-60 shows no sign of servo limiting. Oscillations are apparent in the pitch and roll rates and the 
longitudinal position capture overshoots somewhat. 

cp4A and SP4B the two configurations with large attitude command authority have the best ratings, 
bit a “de divergence of opinion (Appendix D). Pilot H downrated SP4B because of confusing 
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characteristics (HQR 6). Pilot A noticed the stick feedback, let it do the stabilization and achieved 
desired performance (HQR 3). Only pilot A rated the sidestep in SP4A. He noticed the sluggish 
behavior, but as with SP4B he took full advantage of the high gain stick feedback and achieved Level 1, 
(HQR 2 and 3). Neither SP1 A nor SP3A was downrated for any specific deficiencies, the problem was 
that most of the pilots just could not achieve the desired performance without excessive compensation 


PIO tendencies 

As discussed in the section on Predicted HQ based on ADS-33, each of the configurations had lower 
frequency for gain margin bandwidth than phase margin bandwidth. Such configurations may be PIO 
prone This indeed was the case. The pilot commentary (Appendix D) contains at least one reference 
to PIO tendencies on each of the configurations SP1A, SP3A, SP4A, and SP4B, for at east one of the 
tasks. However, as expected with a ACAH response type, if the pilot backed out of the loop and let the 
stabilization system do its job, the PIO generally abated and control was maintained This technique was 
commented upon several times. Some examples: 

SP1 A: Pilot A, hover and sidestep. Pilot T, hover. 

SP3A: Pilot A, acceleration-deceleration and hover. Pilot H, hover and sidestep Pilot T, hover. Pilot 
W hover. 


SP4A: Pilot A, hover and sidestep 
SP4B: Pilot A, sidestep. Pilot H, sidestep. 


Effect of Height Hold 

Overall the effect of HH is some improvement in the HQR, though the benefit varies with 
configuration and task (Figure 11). Most benefit from HH (or most degradation when turned ofQ 
occurred with the configuration SP3A, where the average HQR improved more than 1 5 points for each 
of the three tasks. The HQR plots suggest that the benefit of ACAH as represented by SP3A would be 
completely lost without HH. With the UH-60, the only change was in the hover task, where HH 
improved HQR by 1.5 points. RCON6 also demonstrated no improvement with HH. 

Summaries of pilot commentary for configurations SP3A and UH-60 with Height Hold on and off are 
given in Appendix E. 


Acceleration and deceleration 

While performing the acceleration deceleration task pilot A made a big point of the difficulty of height 
control with SP3A HH off. These runs were made early in his VMS experience and he was still learning 
to compensate for the minimal acceleration cues. 

Pilot T also had more difficulty with HH off, in SP3A. 


As with the acceleration and deceleration task, in hover there was very little benefit noticed from HH 
on the UH-60. However, with SP3A there was a noticeable improvement obtained from HH. 


Sidestep u 

While performing the sidestep task with the UH-60 configuration, both pilots gave a worse rating HH 
on than with HH off. Pilot W did notice some improvement HH on with the SP3A. In both the UH-60 
and SP3A, the sidestep task seemed to be dominated by the difficulty of maintaining longitudinal 
position, and HH was essentially in the noise. 

Effect of Stick force gradient and breakout 

Attitude feedback to the parallel servo results in stick motions that the pilot can follow or resist The 
intensity of these cues is dependent on the breakout and gradient in the feel system, so these 
characteristics could be a quite important influence on the acceptability. One pilot made several 
comments about the stick forces especially with configuration SP4B (see Appendix D pilot Gr, run 
1458). To investigate this parameter several variations were made to the breakout and gradients, figure 
13 shows the HQR achieved. Appendix F provides some of the associated pilot comments. 
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The HQR on Figure 13 suggest that increasing the pitch control force gradient from 0.7 lb/in to 1.5 
lb/in had a noticeably detrimental effect on the acceleration and deceleration task. The hover HQR 
were improved by almost one pilot rating by reducing the roll force gradient from 1 .0 lb/in to 0.7 lb/in. 
A similar change made essentially no difference to the HQR for the sidestep task. 

Pilot commentarv in Appendix F do not provide any indication that the pilots were explicitly aware o 

forces, but cerfai .Uy .he overall HQ »as affected. Ttus suggests that 
part of a development 6 * 8 program to achieve LASCAS should include some optimization of the stick 
forces. 

CONCLUSIONS 

It is possible to achieve Level 1 ACAH HQ with series actuator authority limited to 10% and trim servo 

rate limited at 10 %/sec. , 

The split path architecture tested can provide Level 1 in gentle maneuvers and provide better HQ than 
RC or RCAH It provides desirable response in moderately aggressive maneuvers, certain y in mos 
maneuvers to be expected in DVE. When either the series or parallel servo saturate the nonhnearttiev 
are acceptable; the responses change but are still reasonably predictable and should not lead to PIO. 
Increasing the authority of attitude command by using feedback to the parallel servo does improve ^ the 
handling qualities up to a point. It does not seem that excessive stick m ° t,ons J " e , of ^ on ^ n t0 
pilots Rather the primary phenomena limiting high attitude authority is degraded bandwidth resu ting 
from^hepoor dynamics of die parallel servo. The suggested criteria is to limit the attitude a .« h on, y to 

feedback levels which maintain Level 1 phase margin based bandw.dtl ^ *°. 5® J°h as 

displacement control inputs. In addition, the gain margin based bandwidth should be kept high, 

close as possible to the phase margin defied bandwidth. 

Other recommended design principles, not varied here but carried over from prev.ous trials include 
blending out the attitude feedback at 80 to 100% of the saturation authority, and a blend out rate of 5 .0 

seconds. , , 

Any development program to achieve LASCAS in a particular helicopter should include some 

optimization of the stick breakout and gradient forces. 
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TABLES 


Table 1: Matrix of gains for split path configurations. 

| Configuration 


Parameter 

SP1A 

SP3A 

SP4A 

SP4B 

Most 
attitude 
feedback 
to series 
servo 

Most 
attitude 
feedback 
to parallel 
servo 

All 

attitude 
feedback to 
parallel 
servo, roll 
only 

All 

attitude 
feedback to 
parallel 
servo 

F~ Longitudinal AXIS 


Parallel: series ratio 

1:3 

10:1 

10.1 

infinity 

Attitude cmnd authority, deg 

5.2 

41.7 

41.7 

infinity 

Parallel IChci in/deg 

0.032 

0.116 

0.116 

0.128 

Series K,hc» in/deg 

0.096 

0.012 

0.012 

0 

Series 1C in/deg/sec 

0.074 

0.074 

0.074 

0.074 

1 Lateral AXIS 1 

Parallel: series ratio 

1:3 

3:1 

infinity 

infinity 

Attitude cmnd authority, deg 

6.7 

20 

infinity 

infinity 

Parallel IChi in/deg 

0.025 

0.075 

0.1 

0.1 

Series Km,, in/deg 

0.075 

0.025 

0 

0 

Series K« in/deg/sec 

0.25 

0.25 

0.25 

0.25 


Table 2: Bandwidth parameters achieved for tested configurations 


i 

uh-6o! 

SP1A 

SP3A 

SP4A 1 

SP4B 1 RCON6 | 

[ Pitch 


(Obw Displacement 

2.8/ 0.9 

2.1/ 1.3 

1.9/ 1.1 

1.9/ 1.2 

1.5/ 1.1 

1.7/ 1.5 

tp Displacement 

0.12 

0.1 

0.1 

0.1 

0.09 

0.1 

u)bw Force 

2.1/ I 

1.9/ 1 

1.7/ I 

1.7/ 1 

1.6/ I 

1 . 2 / 1.5 

Tp Force 

0.29 

0.23 

0.23 

0.25 

0.31 


o>bw Force/Displ 

15.8 

15 

13 

15 

14.3 

10.5 

Roll 


(Ogw Displacement 

4.9/ 1.3 

4.5/ 1.1 

4.1/ 1.8 

3.9/ 2.1 

3.7/ 1.7 

3.7/ 2.3 

Tp Displacement 

0.12 

0.09 

0.11 

0.09 

0.11 

0.1 

(Obw Force 

3.3/ I 

3.0/ I 

2.9/ I 

2.8/ 1 

2.8/ 1 

2.7/ I 

Tp Force 

0.16 

0.21 

0.12 

0.19 

0.18 


(Obw Force/Displ 

16.6 

20 

17.8 

15.1 

16.4 

13.1 


Note: (j>bw = Bandwidth frequency (Phase limited/ Gain limited) 
I * Indeterminate 
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Table 3: Comparison of force and displacement responses for SP1 A and SP4B 


Response parameter 


Pitch re 


Bandwidth iobw/_1p 


SP1A 

Character of response Implied 

Level 




Character of Attitude 
Command (1.5 !b step) 


1.9 / 0.23 _____ 


Peaks at 3 sec, returns to 
within 10% by 7 sec. But 
translational acceleration 
tends to zero at 6 to 1 2 sec 


Marginal 
L 1 


SP4B 

Character of response 


Peaks at approximately 3 sec t 
within 10% by 10 sec. 
Translational acceleration 
decreasing slowly 


Implied 

Level 


'Pitch response to displacement 


Bandwidth u)bw/ Tp 


Character of Attitude 
Command (0.35 in step) 


2.1 / 0.1 


Good attitude change, and 
translational acceleration 
tending to zero for 0.35 in 
input. 

Rate-like attitude response 
for 0.5 in input 


Marginal 
L l 


1.5 / 0.09 


Does not hold attitude, slow 
increase to a max at about 7 
sec. But translational 
acceleration does tend to zero at 
about 10 sec. 



Marginal 
L 1 



Roll 


Bandwidth iobw/ Tp 


Character of Attitude 
Command (1.75 lb step) 


3.0 / 0.21 _____ 


Very good attitude 
command, peaks in about 
2.0 sec and holds. 
Translational accel tends to 
zero within 12 sec. 



2.8 / .18 


Good AC: peaks in about 1.5 
sec, then slowly decays, but ^ j 
translational acceleration tends 
to zero. 



Bandwidth u)bw/tp 


Character of Attitude 
Command (0.35 in step) 


4.5 / 0.09 


Quite good attitude 
command, peaks at 2 sec 
then slowly decays, 
translational acceleration is 
decaying. Translational accel 
roughly constant for larger 
input. 



3.7 / 0.11 


Not good: peaks at about 3 sec 
reverses sharply to larger peak 
negative at 13 sec. 
Translational acceleration 
decreases till 8 sec, then 
increases again. 


0.5 to 0.3 
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Table 4: Handling qualities ratings for rated runs - night 
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Table 4 continued. 


Rating Averages - NIGHT 



UH60 

SP1A 

SP3A 

SP4A 

SP4B 

RCON6 

RCON9 


Ht Hold 

Ht Hold 

Ht Hold 

Ht Hold 

Ht Hold 

Ht f 

fold 

Ht F 

told 


Off 

On 

B1?B 

On 

Off 

On 

Off 

On 

Off 

On 

Off 

On 

Off 

On 

Accel - 
decel 

3.0 

2.9 

■ 

3.3 

6.0 

2.8 

■ 

2.3 

3.0 

3.3 

4.0 

B 

2.5 

4.1 

Hover 

6.0 

4.5 


3.8 

5.0 

3.7 


tm 


4.0 

4.5 

SB 

6.0 

6.0 

Sidestep 

4.5 


4.0 

4.0 

SB 

fffll 


lL$_ 

4.0 

3.3 

4.0 

3.8 

5.0 

5.2 


Symbols used to distinguish configuration modifications: 


* Height hold off 

** Reworked Height hold for the PAFCA configurations 
A Relaxed lateral standards desired to adequate 


IVCldACU laifciai aianuumj 

Stick force characteristics 

Pitch 

Roll 

Breakout lb 

Gradient lb/in 

Breakout lb 

Gradient Ib/in 

Standard 

0.9 

0.7 

1.0 

1.0 

tt 

0.9 

1.5 

1.0 

1.0 

ttt 

1.0 

1.0 

1.0 

1.0 

ntt- 

1.0 

0.7 

1.0 

0.7 
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APPENDIX A. ADS-33D-PRF CRITERIA FOR GOOD ACAH 

The following paragraphs taken from ADS-33D-PRF Ref. 1, contain the criteria specified to meet the 
definition of Attitude Hold and Attitude Command: 

3.2.6 Character of Attitude Hold and Heading Ho ld Response-Types. If Attitude Hold or Heading 
(Direction) Hold is specified as a required Response-Type in Paragraph 3.2.2, the pitch attitude shall 
return to within ±10 percent of the peak excursion, following a pulse input, in less than 20 seconds for 
UCE=1, and in less than 10 seconds for UCE>1, as illustrated in Figure A 1. Roll attitude and heading shall 
always return to within 10 percent of peak in less than 10 seconds. The peak attitude excursions for this 
test shall vary from barely perceptible to at least 10 degrees. The attitude or heading shall remain within 
the specified 10 percent for at least 30 seconds for Level 1 The pulse input shall be inserted directly into 
the control actuator, unless it can be demonstrated that a pulse cockpit controller input will produce the 
same response. 

For Heading Hold, following a release of the directional controller the rotorcraft shall capture the 
reference heading within 10 percent of the yaw rate at release. In no case shall a divergence result due to 
activation of the Heading Hold mode. 

3.2.7 Character of Attitude Command Response-Types . If Attitude Command is specified as a 
required Response-Type in Paragraph 3.2.2, a step cockpit pitch (roll) controller force input shall 
produce a proportional pitch (roll) attitude change within 6 seconds. The attitude shall remain 
essentially constant between 6 and 12 seconds following the step input. However, the pitch (roll) 
attitude may vary between 6 and 12 seconds following the input, if the resulting ground-referenced 
translational longitudinal (lateral) acceleration is constant, or its absolute value is asymptotically 
decreasing towards a constant. A separate trim control must be supplied to allow the pilot to null the 
cockpit controller forces at any achievable steady attitude. 
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APPENDIX B. EVALUATION TASKS 


Hover 

Check abUity'to transition from translating flight to a stabilized hover with precision and a reasonable 
amount of aggressiveness in the DVE. 

Check ability to maintain precise position, heading, and altitude in the DVE. 


Description of maneuver ... , ■ . ■ . j 

Initiate the maneuver at a ground speed of between 6 and 10 knots with the target hover point oriented 
approximately 45 degrees relative to the heading of the rotorcraft. The target hover point is a 
repeatable, unchanging ground-referenced point from which rotorcraft deviations are measured .The 
ground track should be such that the rotorcraft will arrive over the target hover point (see illustration in 
“description of test course”) 

Description of test course , , , 

The suggested test course for this maneuver is shown in Fig Bl. Note that the hover altitude depends on 
the height of the hover sight, and the distance between that symbol, the hover target, and the 
helicopter. These dimensions may be adjusted to achieve a desired hover altitude. The hover target wi 
have to be modified from Fig Bl to reflect the increased altitude tolerances allowed for the DVE. 

Desired performance . . , 

Accomplish the transition to hover in one smooth maneuver. It is not acceptable to accomplish most 
of the deceleration well before the hover point and then to creep up to the final position. Attain a 
stabilized hover within 10 seconds of the initiation of deceleration. 

Maintain a stabilized hover for at least 30 seconds 

Maintain the longitudinal and lateral position within ±3 ft of a point on the ground and altitude within 
±2 ft. Keeping the hover sight within the desired box on the modified hover target will insure desired 

lateral and vertical performance. 

Maintain heading within ±5 degrees. 

There shall be no objectionable oscillations in any axis either during the stabilized hover, or the 
transition to hover. 


AQraUdlC pci IUI luauvc .. , . 

Accomplish the transition to hover in one smooth maneuver. It is not acceptable to accomplish most 
of the deceleration well before the hover point and then to creep up to the final position. Attain a 
stabilized hover within 20 seconds of the initiation of deceleration. 

Maintain a stabilized hover for at least 30 seconds. 

Maintain the longitudinal and lateral position within ±8 ft of a point on the ground and altitude within 
±4 ft. Keeping the hover sight within the adequate box on the modified hover target will insure 
adequate lateral and vertical performance. 

Maintain heading within ±10 degrees. 


Acceleration and deceleration 

Objectives . -.., c 

Check pitch axis and heave axis handling qualities for reasonably aggressive maneuvering in the DVE. 

Check for undesirable coupling between the longitudinal and lateral-directional axes while performing 
reasonably aggressive longitudinal axis maneuvers in the DVE. 
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Check for harmony between the heave axis and pitch axis controllers while maneuvering in the DVE. 
Check for adequate rotor response to moderately aggressive collective inputs. 

Check for overly complex power management requirements while maneuvering in the DVE. 

Description of maneuver 

Starting from a stabilized hover, accelerate to a ground speed of at least 50 knots, and immediately 
decelerate to hover over a defined point. The maximum nose-down attitude should occur immediately 
after initiating the maneuver, and the peak nose-up pitch attitude should occur just before reaching the 
final stabilized hover. 

Description of test course 

The test course shall consist of a reference line on the ground indicating the desired track during the 
acceleration and deceleration, and markers to denote the starting point and endpoint of the maneuver. 
The distance from the starting point to the final stabilized hover position is a function of the 
performance of the rotorcraft, and shall be determined based on trial runs consisting of accelerations to 
the target airspeed, and decelerations to hover as described above. The course should also include 
reference lines or markers parallel to the course centerline to allow the pilot and observers to perceive 
desired and adequate lateral tracking performance. A suggested test course for this maneuver is shown in 
Fig B2. 

Desired performance . 

Complete the maneuver over the reference point at the end of the course. The longitudinal tolerance 
on the final hover position is plus zero and minus a distance equal to one half of the overall length of 
the helicopter (positive forward). 

Maintain altitude below 50 ft. 

Maintain lateral track within ±10 ft. 

Maintain heading within ±10 degrees. 

Achieve pitch attitude changes from the hover attitude of at least 12 degrees nose-down for the 
acceleration and at least 15 degrees nose-up for the deceleration. Significant increases in power are not 
allowable until just before the final stabilized hover. 

Rotor RPM shall remain within the limits of the Operational Flight Envelope without undue pilot 
compensation. 

Adequate performance . 

Complete the maneuver over the reference point at the end of the course. The longitudinal tolerance 
on the final hover position is plus zero and minus a distance equal to the overall length of the rotorcraft 
(positive forward). 

Maintain altitude below 70 ft and clear of the ground. 

Maintain lateral track within ±20 ft. 

Maintain heading within ±20 degrees. 

Achieve a nose-down pitch attitude of at least 7 degrees below the hover attitude during the acceleration 
and a nose-up attitude of at least 10 degrees above the hover attitude for the deceleration. Significant 
increases in power are not allowable until just before the final stabilized hover. 

Rotor RPM shall remain within the limits of the Service Flight Envelope. 

Sidestep 

Objectives ... . .. 

Check lateral-directional handling qualities for reasonably aggressive lateral maneuvering in the DVb. 

Check for objectionable inter-axis coupling while maneuvering in the DVE. 
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Check ability to coordinate bank angle and collective to hold constant altitude while performing 
moderately aggressive lateral maneuvering in the DVE. 

Description of maneuver 

Starting from a stabilized hover with the longitudinal axis of the rotorcraft oriented 90 degrees to a 
reference line marked on the ground, initiate a lateral translation to approximately 17 knots, holding 
altitude constant with power. This shall be followed by a deceleration to laterally reposition the aircraft 
to a spot 400 ft down the course within a specified time. The acceleration and deceleration phases shall 
be accomplished in a single smooth maneuver. The rotorcraft must be brought to within +10 ft. of the 
endpoint during the deceleration, terminating in a stable hover within this band. Overshooting is 
permitted during the deceleration, but will show up as a time penalty when the pilot moves back within 
the ±10 ft. of the endpoint. Establish and maintain a stabilized hover for 5 seconds. The maneuver 
should be performed in both directions. 

Description of test course ... , . . , , 

The test course shall consist of any reference line or markers on the ground indicating the desired track 
during the acceleration and deceleration, and markers to denote the starting and endpoint of the 
maneuver. The course should also include reference lines or markers parallel to the course reference line 
to allow the pilot and observers to perceive the desired and adequate longitudinal tracking performance. 
A suggested course using traffic cones and flat markers is shown in Fig B3. 

Desired performance 

Maintain the selected reference point on the rotorcraft within ±10 ft of the ground reference line. 
Maintain altitude within ±10 ft at a selected altitude below 30 ft. 

Maintain heading within ±10 degrees. 

Achieve at least 20 degrees of bank angle during the acceleration and deceleration. 

Achieve a stabilized hover within 10 seconds after reaching the hover point. 

MaintainVhe selected reference point on the rotorcraft within ±15 ft of the ground reference line 
Maintain altitude within ±15 ft at a selected altitude below 30 ft. 

Maintain heading within ±15 degrees. 

Achieve at least 10 degrees of bank angle during the acceleration and deceleration. 

Achieve a stabilized hover within 20 seconds after reaching the hover point 
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APPENDIX C. PILOT QUESTIONNAIRE 

1. Were pitch, roll, and yaw attitudes and height responses to control inputs predictable? 

2. Were position and velocity responses to attitude changes predictable? 

3. Did undesirable oscillations occur? 

4. If trying for desired performance resulted in unacceptable oscillations, did decreasing your 
goal to adequate or worse performance alleviate the problem? 

5. If applicable, describe any unique pilot technique that you found necessary to accomplish 
the task. 

6. Did motion cueing seem reasonable? Any tendency for disorientation, vertigo, or feeling 
of malaise due to motion? 

7. Assign HQR, then answer following questions. 

8. If assigned HQR is Level 2, briefly summarize the deficiencies that make achieving desired 
performance of this task unlikely. 

9. If assigned HQR is Level 3, briefly summarize the deficiencies that make achieving even 
adequate performance of this task unlikely. 

10. If assigned rating is worse than Level 3, briefly summarize why attempting to do the task 

with completely relaxed performance standards puts controllability into doubt. 
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APPENDIX D: PILOT COMMENTS FOR HEIGHT HOLD ON 

The following tables contain abstracts from the transcribed pilot comments that were guided by the pilot 
questionnaire given in Appendix C. 


Pilot comments for configuration SP1 A 


Acceleration-Deceleration 


Run 973-976 Pitch was not very 
predictable ...it would bob down 
and then bob back up to a new 
heading.. So there was a second 
input required at the decel and 
the acccl to initiate and terminate 
maneuvers, which caused a little 
more activity in the roll axis 
while trying to focus on 
obtaining the right pitch 
attitude. HQR 3 


Evaluation Task 


Run 1031-1035 unique pilot 
technique... Largely when 1 got 
into the zone.. I may have been at 
the top of the desired box or the 
bottom, once I get stabilized in the 
hover it was very easy to maintain 
wherever I was ... so I just eased off 
on the controls and monitored 
drift, .. it was very easy to 
eliminate drift in both roll and in 
lateral and longitudinal 
directions. HQR 3 


Sidest e 


Run 1 136-1040 Undesirable 
oscillations? In the flare at the 
end there is ... there is some 
control feedback (which) interacts 
there and when that stopped there 
was an oscillation in roll that 
stayed for approximately three or 
four overshoots until you kind of 
eased off a little bit and got out of 
the loop and then it would settle 
down. If you stayed out of the 
loop, ... or you decreased the 
severity of the maneuver,, a little 
less roll angle to recover and not 
as abrupt, the oscillation was 
removed and it wasn’t apparent 
HOR 3 _ 


1415-1424 An obvious 
improvement when I went from the 
last one (UH-60) to the very first 
task on this one. First try on this 
control system. ...And it was 
improved response. HQR 4 


1265-1270 HQR,... Satisfactory 
without improvement? 1 guess 
yes. Because I'm not too sure how 
to recommend improvements. ..1 
think I was aware of stick trim 
migration during the task, but it 
didn’t seem to be anything that I 
couldn’t cope with. HQR 3 


1302-1316 this configuration, I 
think, is a good one. 1 didn’t see 
anything wrong with the 
configuration, .. 1 didn’t feel any 
saturation or any unpredictable 
responses. And I still was unable 
to consistently perform within the 
desired or certainly not in level 1 . 
But I think the response to the 
pilot inputs is good. A lot of my 
problem is in, ..the perception of 
the task where the helicopter is in 
state in this reduced visual 
environment here. HQR 4.5 


1293-1301 there is a .significant 
amount of workload, effort, 
associated with managing the 
longitudinal axis. More so almost 
than the lateral axis. This 
configuration was also pretty 
good at converging and 
stabilizing nicely at the final end 
point. However, it wasn’t quite as 
good in that regard as the prior 
two configurations (SP3A, SP4B). 
..But there seemed to be a little bit 
better predictability in the lateral 
translation. Still, there is clearly 
an opportunity for the pitch axis 
to become troublesome, and that 
degrades performance, consumes 
attention, and adds workload. 
HOR 4 
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Acceleration-Deceleration 


1510-1513 Position and velocity 
responses to attitude changes 
predictable? In the roll axis, yes, 
but (not pitch) I was trying to 
make small corrections around 
the hover point. I was able to do 
it in roll, but I wasn’t able to do 
it in pitch as effectively, 1 was 
continually overshooting the 
precise location I wanted to be at. 
HQR 4 


Sideste 


481-492 There was this slight 
wash out of the pitch down 
inputs such that lowering the 
nose to say about 10 degrees 
nose low and it would want to 
wash out to .about. 5 degrees so 
that usually required a second 
input .. to maintain 10 degrees 
nose low But it was still 
predictable, ..I knew it was going 

to happen, On the other end, 

during the decel, 1 put in an aft 
stick input and the nose would 
pitch up and it would just about 
continue to pitch up as long as 
you had that aft stick input in 

there so it required forward 

stick every time. ..So the nose up 
inputs were less predictable than 
the nose down inputs, but the 
compensation was absolutely 
minimal. HQR 3 


1020-1024 Undesirable 

oscillations? I still managed to 
drive myself on a couple of these 
into a longitudinal PIO. And that 
was, as I tried to increase my 
aggressiveness a little bit in by 
moving over to the site, it was 
easy on the roll out to develop a 
pitch rock that I would start to get 
out of phase with it, it also started 
to drive me longitudinally and out 
of the desired zone. HQR 5 


606-615 Were position and 
velocity responses to attitude 
changes predictable 9 Yes, they 
were. It was quite easy to zero out 
the velocities down there at the 
hover. The recovery was pretty 
easy, I actually got a little bit 
aggressive a couple of times and 
still managed to recover pretty 
well HQR 3 


Pilot comments for configuration SP3A 


Evaluation Task 



Run 870-875 No undesirable 
oscillations, however there is a 
roll oscillation and at the tail end 
during the deceleration when the 
nose is pitched back down, there is 
about 2 or 3 overshoots before it’s 
damped out. I would call those 
undesirable, but it didn’t affect 
our ability to maintain desired 
performance. HQR 4 


Run 1036-1040 In the 
deceleration portion in the pitch | 
axes, ..a couple of times where it 
appeared as though I started to get 
into a PIO with large pitch 

excursions usually it was a 

couple of overshoots and then I 
was able to get it stabilized out. .. 
The more aggressive I was the 
more the tendency was in pitch to 
cet that PIO HQR 4 


Sideste 


Run 1070-1076 1 felt as though 
there was a little bit of a 
predictability problem in pitch. A 
drift would develop, I’d put in a 
correction, and 1 couldn’t 
predictably take out the rate each 
time. HQR 4 
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Acceleration-Deceleration 


463-466 pitch and roll attitude 
responses to control inputs were 
quite predictable. Again, initial 
entry, good force, good force cue 
for pitch down attitude to minus 7 
degrees and it was easy to hold 
that attitude during deceleration 
and then to retrim to a level 50 for 
a knot or so trim position. 
Position and velocity responses to 
attitude changes.. predictable 
except at the very end. After 
recovering from the flare the 
aircraft seems to always translate 
to the right So I try to 
compensate and it required two or 
three pounds of left force HQR 
1.5 


517-522 Pitch seemed to have a 
definite lag in it. I would make an 
input, wait for a response, that is 
for large inputs. Roll was overly 
active. HQR 4 




626-631 Pilot technique is still 
the same, be aware of the stick 
detents, it seems to have a very 
good reference point for stick trim, 
for hover, and it’s not just that 
reference point, but it’s the small 
displacements against the gradient 
that are useful for tempering the 
control inputs. HQR 4 
639-653 Slight tendency for 
oscillations. However, it seemed 
to be pretty robust for the abuse 
kind of situations. I wouldn’t say 
that they are undesirable 
oscillations. There is a tendency 
to draw you into the loop with 
high gain and hence in the process 
reduce your comfort or your 
confidence that you are going to 
get the response that you are 
needing. Still very strong 
attention to the stick force 
breakout level as well as the force 
gradient. No perceptible motion of 
the trim actuator underneath my 
inputs... just kind of an overall 
poor predictability associated 
with the control inputs. HQR 4 


1328-1335 I'm still having some 
problem in keeping the helicopter 
stopped in one spot here as 1 roll 
out, as far as fore and aft 

positioning goes.. There may be 
some roll into pitch coupling here 
that might be an issue of 

predictability or not.. The drift 

fore and aft sometimes it’s 
obvious, sometimes it’s very 

subtle HQR 4,5 _ 


1286-1292 Good convergence at 
the termination of the maneuver in 
the hover with good predictability 
the lateral translation is, 
sometimes quite well behaved 
roll and lateral velocity 
predictability and even .. pitch and 
the longitudinal velocity 
predictability. But on occasion it 
can be borderline oscillatory, 
unpredictable roll, and pitch 
response developing. With the 
pitch workload., being greater than 
the .. lateral... So nonlinear 
behavior that results in a pretty 
good configuration as long as you 
don’t excite some of the 
undesirable characteristics HQR 
4.5 
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Pilot I Acceleration-Deceleration 


1 5 1 4-1 S 16 Were pitch, roll 
attitudes responses to control 
inputs predictable? Yes. I’d say 
they were. The attitudes were 
predictable, though during the 
decel there were several, especially 
the last maneuver which I got a 
little slight PIO in pitch, HQR 4 


941-945 Position and velocity 
responses to attitude changes 
predictable? Yes. Except at the 
final end of the flare It’s almost 
like stopping and then kind of 
dropping HQR 3 


493-502 pitch and roll attitude 
responses to control inputs 
predictable? Yes. very 

predictable. It required a 
minimum of compensation, 
usually the nose down input 
required a second input to 
maintain the nose down attitude. 
Pretty minor input HQR 2 



Sideste 


1006-1011 pitch and roll 
responses to control inputs 
predictable' 7 Yes .. There still is a 
tendency to longitudinally PIO. 
Once established in a trim 
position, which it just took a 
while to get to, I think I could 
fairly reliably stay there, HQR 5 


523-533 pitch and roll responses 
to control inputs were predictable. 

I didn’t see any noticeable 
overshoots ..it looked like, 
generally like a first order 
response with a pretty short time 
constant .. it required the pilot to 
kind of minimize the control 
inputs, the amplitude while ~ 
during this task. And it required a 
little bit of backing out of the 
loop, but it was extremely stable 
once established in the hover 
HQR 2 



534-544 The roll and the yaw 
attitudes were definitely 
predictable No problems there. t 
The pitch was not always 
predictable, sometimes it required 
.. large amplitude pitch inputs in 
order to maintain center line It 
was really quite difficult to 
maintain X position during the 
course of the maneuver. In order 
to do so, you had to anticipate the 
need for longitudinal inputs 
When you didn’t anticipate it, if 
you got behind, then you could 
make all the longitudinal inputs 
you wanted and you wouldn’t get 
any response at all HQR 5 


Acceleration-Deceleration 


Run 965-968 The biggest thing I 
want to describe here is .the first 
time I did this maneuver, it felt as 
though the aircraft was almost 
springy or spongy. .. this was the 
first time I have noticed control 
feedback in the stick. ..as 1 put the 
nose down 12, 15 degrees for the 
acceleration, I could do it 
precisely, but 1 had to get used to 
feeling a strong back force in the 
stick. The back driving of that 
stick was very noticeable in this 
configuration. And when I went 
forward for the dccel, the same was 
true .. It felt like more stick force in 
my hand The last couple of times, 
though, it actually seemed crisper 
once I realized it was in my hand, 
because I could control the force 
and 1 wasn’t trying to fight it to 
eet it back to a position. We don’t 


Pilot comments for configuration SP4A 


Evaluation Task ____ 


Hover .. 


Run 1041-1046 There was an 
oscillation in the roll in a couple 
of these, it appeared as though I 
got into a little oscillation where it 
just constantly rocked and rolled 
in a couple of the maneuvers. HQR 
3 


Sideste 


Run 1081-1086 pilot 

compensation wasn't a factor in 
achieving desired performance. 
There were some minor corrections, 
very minor. . at both ends. In fact 
during the decel .. put in the decel, 
bring it back to level, take out a 
couple of drift corrections and 
then it would stay right there... My 
initial feeling on this one in the 
first couple times I flew it was the 
aircraft felt sluggish, very heavily 
damped .. that was the feeling 
initially until I started letting the 
aircraft do its own thing. HQR 2 
1143-1149 Pitch, roll and yaw 
attitude responses to control 
inputs were predictable However, 
in the roll axis there was 
significant amount of force 
feedback, especially in the initial 
input to the 20 degrees. So 
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typically fly force in helicopters, 
but that cueing is an indication 
that the stick is moving when it’s 
really just a force. It hasn’t moved 
any displacement. ... the pilot 
technique was to .. set a stick 
displacement and hold it there and 
just hold the force cue, hold the 
force cue there and it seemed to 
hold it real tight. The only pilot 
compensation that is required is to 
resist that stick force, really, so 
there is some pilot compensation 
required for this task in the fore 
and aft direction HQR 2.5 


Acceleration -Deceleration 


substantial that it affected my 
ability to manage the pitch 
responses because the lateral force 
feedback was very strong. If you 
try to go to a lower level of 
performance, down at the other 
end, or ease off, the oscillation 
goes away. It’s really not a 
function of the tolerance, it’s a 
function of how much the pilot 
feeds back. Left to its own, the 
stick by itself, maybe with one 
slight overshoot, it would settle 
out to a stable hover position 
HQR 3 — 


962-964 Good, negligible 
deficiencies. Pilot compensation 
not a factor for desired 
performance. The pitch and roll, 
very harmonious. And while not 
as heavily damped as some in the 
roll axis, it just was a nice 
combination and seemed to fly 
well. .. 1 know from looking at that 
stick plot .. it’s moving around a 
lot. It sure didn’t seem like a lot of 
work. So, I don’t know whether 
that’s deceiving or what, it might 
have moved, but it really wasn’t a 
lot of compensation. HQR 2 


1469-1475 This is what 1 consider 

one of the better configurations. I 

wasn’t quite concerned about the 
force gradients this time, .. the 
flight control system and the force 
gradients were closer in harmony 
with each other. So this was a 
pretty good configuration. It’s 
characterized by kind of a low 
frequency, lower bandwidth type 
of response. I didn’t feel any 
bobble and over control on my 
part I didn’t have to tell myself to 
keep backing off. And it looked 
rettv eood. HQR 4 


1401-1403 Pitch and roll 
responses to control inputs 
predictable? . okay in roll. But 1 
didn’t like the pitch axis., there 
was a lot of over controlling going 
on, so it wasn’t as predictable as 1 
have seen. HQR 5 


999-1005 no comments on force 
from the trim .. back through the 
cyclic, nothing there was 
objectionable. But there was a 
definite tendency to launch into a 
pitch oscillation at the higher 
work loads, even though when you 
look at the (control position) plot 
it doesn’t look like the stick is 
moving that much. HQR 6 
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Pilot comments for configuration SP4B 


Acceleration-Deceleration 


Run 1255-1259 Did undesired 
oscillations occur? The roll axis 
seemed very lightly damped and 
any corrections down the track in 
the roll resulted in a couple of 
oscillations. It felt relatively loose 
in roll, at least as we were headed 
down the track. It didn’t appear to 
show up very much in the decel at 
the other end. HQR 2.5 


Evaluation Task 


Run 1226-1231 it seemed to be very 
comfortable capturing the hover 
position and then some small 
corrections to zero out the rates, 
then it seemed very stable it 
achieved stability very quickly and 
required little compensation after 
that HQR 2.5 


Run 1096-1102 Undesirable 
oscillations did occur .. down at the 
recovery end, you feel the lateral 
stick, trying to achieve the trim 
condition and if you resist that 
input, it results in a PIO 1 got into 
it the first two times that 1 did the 
maneuver and then this last run 1 
tried to repeat it and that’s exactly 
what happened If the stick is 
allowed to do its thing, it settles out 
very nicely in the roll axis, but the 
slightest, just a small interaction by 
the pilot to stop that stick 
movement results in undesirable 
oscillation So by letting it go a 
little bit and trying to accept the 
lower level of performance .. and 
staying off the stick, the oscillation 
went away. HQR 3 


1488*1493 This configuration is 
another good one. 1 thought l felt a 
little bit of backdrive on the 
longitudinal cyclic once or twice, 
but nothing that bothered me at all 
I just sensed it, but I didn’t sense it 
consistently HQR 3 



1425-1433 1 did okay at first, but as 
I look at the traces, .. the helicopter 
is just drifting fore and aft and I’m 
not picking up those drifts until it’s 
too late. I put in a response, but I 
don’t get a good response in 
attitude from the control system. So 
.. there is kind of a sluggishness. 
HQR 4 5 

1458-1464 some general comments,, 
it seems like a lot of the difficulty in 
the task in trying to stabilize this 
precisely is a function quite a bit of 
the force characteristics ..The detent, 
the breakout force and the force 
gradients around zero. .. I would say 
if those could be lightened up, I 
would probably do better. HQR 4 

1565-1569 This was obviously a 
good configuration here .. I saw 
little tendency to overcontrol, even 
though I sometimes got into a tight 
loop ..Once l got into the box I was 
able to take my hands off the 
controls and just let it sit there 
HQR 3 


1271-1274 Poor predictability in 
pitch and roll 1 must be closing 
inner loop strongly on stick force 
today. And secondarily stick 
position, but clearly somebody else 
is moving the controls in addition 
to me and in a way that I cannot 
adapt to, and so it eliminates or 
removes a lot of predictability from 
the task, results in oscillato 


1317-1 327 1 noted early in the runs 
here an improved, lateral response, 
feels like a higher bandwidth in the 
roll axis. Entirely predictable I 
like this configuration, this roll 
configuration better than the 
previous one (S P I A) . 1 was able to 
perform a little bit better, a bit more 
consistently, as far as trying to stay 
within the desired standards. I saw 
nothing that was a problem and it’s 
just, getting used to the goggles and 
the reduced visual environment 

HQR 3 


1275-1285 characteristics tend to be 
difficult and oscillatory in both 
axes, especially the pitch axis 
during the translation, but they 
converge nicely on stable hover... 
it’s kind of an odd behavior, where 
the stabilization features are good or 
its convergence to the hover are 
good, but the maneuvering excites 
undesirable 
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Acceleration-Deceleration 


1507-1509 I have seen better, but 
overall predictable. 1 didn’t like the 
roll, ... too bobbly from the outset, 
the very first acceleration. It was 
jiggling around a lot on the first 
decel, I’m sure 1 was rolling plus or 
minus 5 degrees or so, and that was 
uncharacteristic of the maneuvers 
that 1 have done HQR 4 
1517-1519 1 didn’t find the 

velocity response too difficult or 
too unpredictable in pitch or in 
roll. I was able to capture a 
velocity fairly easily, I was able to 
target velocity at 50 to 55 knots. 
And I was able to get that no 
problem. But the position 
responses in both pitch and roll I 
didn’t like at all, especially at a 
hover. .. HQR 5 


characteristics and demands a lot of 
attention. I think this is an example I 
where force feedback as part of the 
inner loop mechanism is disruptive 
in trying to accomplish the task. 1 
had to think a lot of exactly where 
the control is. That is, open up the 
control position feedback loops and 
accentuate the control force 
feedback loops ..Also I had to pay a 
fair amount of attention visually 
and cognitively to observe the pitch 
attitude as a way of leading the 
velocity and position responses J 
was trying to get. The pitch and roll 
responses were predictable, but they 
seemed to be of relatively low 
bandwidth.. So overall lots of things 
demanded attention over and above 
the task objectives. HQR 5.5 


1396-1400 Pitch and roll responses 
to control predictable? Yeah, but 1 
didn’t like the pitch axis... there 
were several times when I wasn’t 
able to predict exactly — 1 wasn’t 
able to put the aircraft exactly where 
I wanted. Same for the position and 
velocity responses .. for instance, in 
that last run. 1 was drifting aft, 1 
knew it, 1 tried to correct it and 
didn’t correct it in time to keep it 
within desirable. So in that case the 
position and velocity or in this case 
position response to attitude 
changes wasn’t predictable. HQR 4 


characteristics. ...backing out of the 
loop seemed to be effective for 

arriving at the hover point But on 
another occasion I tried to back out 
of the loop immediately after 
initiating the maneuver, and the 
aircraft went more divergent in 
pitch, so there is some confusing 
behavior HQR 6 


1446-1449 summarizing the 
deficiencies that make achieving 
desired performance of the task 
unlikely. I would say that the 
deficiencies are ... it’s just a little 
too lively in roll and I’m afraid to 
say pitch. The last maneuver 1 
didn’t really see any oscillations in 
pitch, but it seemed more difficult to 
maintain a good fore and aft 
position. So I would say it s a little 
bit too lively laterally and perhaps 
as well in the pitch axis. HQR 4 



Pilot comments for configuration UH-60 (with Height Hold) 


Acceleration-Deceleration 


Run 864-869 Desired 
performance requires a 
moderate pilot workload. It’s 
mostly in the end, staying 
within the band.. I tried to 
ease off a little bit, if the nose 
gets up beyond where 1 can 
see the horizon, it’s just those 
lines, then it takes a moderate 
compensation to stay even 


Evaluation Task 


Run 759-765 Position and velocity 

responses to attitude changes were 

predictable. .. some discontinuity between, 
the predictability in roll and pitch. 
Longitudinal seems to be more predictable, 
but the focus had to be on left and right 
drift, which would take your attention away 
from the fore and aft. HQR 4.5 
1025-1030 position and velocity responses 


Sideste 


Run 813-819 ..position and 
velocity responses to attitude 
changes predictable? Not the 
longitudinal at the decel end. Did 
undesirable oscillations occur? 
Yes, in the pitch axis you get a lot 
of fore and aft pitching going on 
in the final portion of the decel. 
HQR 5 
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within adequate tolerance. 
HQR 4. 


to attitude changes predictable? 1 think this 
is where 1 had a problem The velocity cues 
would pick up and .. if you were distracted 
for a moment from one of the axes, it was 
very difficult to know exactly how much 
you were putting in Every time you made a 
control input you had to monitor what 
happened to predict how much attitude and 
velocity you were getting for that particular 
input HQR 4.5 


1 060-1069. attitude responses to 
control inputs predictable? I had 
a little bit of predictability 
problem in the fore and aft, I 
couldn't judge exactly how much 
was required to get rid of the rate 
..and unless 1 was monitoring it 
pretty well, it caused me to go 
outside the adequate bands. HQR 
4.5 


Acceleration-Deceleration 


474-480 pitch and roll 
responses to control 
predictable? Yes. I was able 
to get aggressive on entry. .. 
for some reason I had more 
trouble controlling the roll 
out from the flare. I should 
say the recovery to the hover 
attitude always seemed to fall 
through and require another 
correction to come to the 
hover attitude ..at least two 
corrections were required. 
More difficult than previous 
configurations. (SPI A, SP3A) 
reacquiring the hover attitude 
at the far end HQR 2 . 


1483-1487 It’s been a little 
while since I’ve looked at this 
particular task, and it's 
probably the easiest of the 
three. The problem that 1 was 
consistently experiencing 
here was one of perception of 
the lateral track during the 
flare .. If you do a high nose 
up flare as required, you lose 
reference to things on the 
ground. And the helicopter 
will move sideways 
...Another problem 1 was 
experiencing was being too 
aggressive on the decel flare 
and not getting the nose 
pitched over in time to keep 
from drifting aft. Again, 
that’s a perception problem, 
not being able to see the drift 
until the pitch attitude was 
down. So those are all night 
vision goggle perception 
things and of course do affect 
the pilot’s performance. But 
this was a good 
configuration. HQR 3 


412-417 Pilch and roll attitude and height 
responses to control inputs predictable? In 
this case I had much more oscillation 
laterally in trying to hold the hover point 
than in other configurations. I seemed to 
have a constant low amplitude roll 
oscillation, not even measurable attitude 
change, a constant, probably 2 hertz, lateral 
oscillation Pitch attitude did seem to have 
a lag. If you try to put in an attitude change 
to correct a drift, there seemed to be a slight 
delay, so I would over compensate with 
longitudinal input HQR 5. 


1404-1414 Some preliminary comments. 1 1 
haven’t done this hover task in a while, but I 
recall it was probably the hardest of the 
three. I found that 1 was really over 
controlling in sort of a high frequency kind 
of a dither and I had to keep telling myself 
stop doing that. .. without morion 1 
wouldn't have picked any of that up But 
here 1 could feel it and I think 1 was 
responding to it in an over control mode .. 
my best performance is when I said stop 
doing that and tried to let the stabilization 
system in the airplane .. stabilize it there. A 
couple of times I came in rather quickly and 
did a rather abrupt decel and of course, I just 
lost it HQR 5 



122-129 did undesirable 
oscillations occur? The only 
thing 1 saw was I was pumping the 
stick a little bit a couple of times, 
trying to stabilize the helicopter 
in the final hover position. And 
again, I think the reason why I'm 
putting in those kind of abrupt 
inputs was I was unable to 
perceive the drift or my position 
error until it built up quite a bit 
Then I whapped in a lot of input. 

[ So again, that’s that predictability 
thing, due to the degraded visual 
conditions here. HQR 4.5 
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Acceleration-Deceleration 



1502-1506 Position and 
velocity responses to attitude 
changes predictable? Yes.. 
Fine corrections around the 
hover point were easy to make 
and I was able to precisely 
control my position there. 
Also ..it was very easy to get 
50 knots or between 50 and 
55 every time without even 
thinking about it. ..for the 
lateral axis, 1 had a tendency 
to drift to the right during the 
initial acceleration, I don’t 
know why .. I was able to 
correct, though, .. to get it 
back to the center line and 
that was very predictable 
HOR 3 


616-625.. the attitude responses to the 
control inputs were predictable. However, 
for the fine degree of control that’s required, 
there is a bit of a mismatch between the 
breakout, which is fairly high in the stick, 
and the tiny adjustments in pitch and roll 
attitude that you are looking for Position 
and velocity responses... are where 1 had 
most difficulty. Suddenly there could be a 
large excursion developed, simply in the .. 
time it took to scan right window to center 
window. .. in a sense it was predictable but 
suddenly large changes could occur that you 
did not expect HQR 5 
632-638 There did not seem to be the 
tendency for undesirable oscillations. For 
some reason, some clever engineering 
design reason, of course, the configuration 
seems to be pretty good, even though it 
seems to have this characteristic of 
perceptible trim motion. Again, the 
technique is to be very precise on pitch and 
roll And I have to .. be very aware of cyclic 
position as a feedback. Not just force on the 
cyclic HQR 4 

654-659 Comparing this configuration to 
the prior configuration (SP3A), this was 
better. There was more predictability in the 
velocity response and the attitude wasn t 
walking around as much. Maybe the vehicle 
is really pretty good. The limitations that 
I’m having arc really visual cueing 
limitations, my perception of error 
thresholds is .. largely responsible for my 
poor performance. I really have to place a lot 
of effort to precisely line-up the pylons, and 
take a quick look at the chin window and 
kind of extrapolate where the center axis is 
supposed to be .. am not, real confident that I 
could solidly get consistent repeatable 
desired performance out of this thing, 
although the aircraft is pretty good HQR 4 


1379-1384 Pitch, roll and yaw attitudes and 
height responses to control inputs 
predictable? Yes Position and velocity 
responses to attitude changes predictable? 
Yes. Did undesirable oscillations occur? 
Yes... it appeared to me that in the roll axis 
it was a little bit livelier than what 1 had seen 
to this point. And pitch... once I got in the 
loop pretty tight, I was PlOing it a little bit. 
In fact I think 1 was PlOing it more in pitch 
than 1 was in roll, HQR 4 


1 109-1124.. the whole pitch and 
roll axis was kind of difficult to 
control. There was lack of 
predictability. I have the feeling 
that it’s because the trim point on 
the stick is moving around on me 
and it’s confusing the force 
feedback with the displacement 
feedback on where the stick 
actually is. So 1 would have to 
say that ..in general I had to feel 
the aircraft around quite a bit and 
the predictability was less than 
desired On the other hand, I had 
pretty decent success being able 
to control my position and 
velocity relative to the visual 
cues. And even though errors did 
develop, I could observe them, 
stop them, and correct them in a 
pretty predictable way with a 
fairly low workload. HQR 4.5 


1442-1445 Undesirable 

oscillations occur? Yes. As a 
result of the rapid dccel, lateral 
stick input. There were a few 
lateral oscillations but it was 
fairly heavily damped and maybe 
one or two overshoots. Same 
thing in pitch, although this time 
it was more in roll. HQR 2 
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Pilot I Acceleration-Deceleration 


845-849 Position and 
velocity responses to altitude 
changes predictable 9 Yes, by 
and large. . . on some of those 
flares I appeared to get a lot 
more benefit from the flare 
than 1 thought I was getting 
previously.. the airplane 
seemed to stop a lot better. 
So in some cases it was a little 
less predictable than it was 
earlier in the exercises 
HQR 3 


286-294 ..pitch, roll and yaw 
attitude and height responses 
to control inputs predictable? 
Yes, they were very 
predictable. There was at 
most a one or two degree 
overshoot on the initial pitch 
inputs. And at the very end 
when the aircraft was brought 
to a stable hover there was 
some real minor overshoots, 
maybe one degree or so. But | 
overall they were extremely ! 
predictable. It was a real good 
level of control sensitivity 
and damping. And it was 
quite nice, actually. ..position 
and velocity responses to 
attitude changes predictable? 
Yes, they were. There was 
almost no compensation 
required. Once you made the 
initial control input to the 
nose low attitude, the aircraft 
responded, it maintained that 
attitude and the acceleration 
to the 50 knots was pretty 
consistent every time. HQR 2 


736-740 the learning curve on this 
configuration seemed pretty steep... we 
almost attained all desired performance as 
opposed to just nearly adequate 
performance. ..position and velocity 
responses to attitude changes predictable? 
Yes. More so than the others (SP3A), 
although you could still see that there was a 
little more longitudinal workload required 
than in roll. HQR 4 

789-792 Did undesirable oscillations occur? 
Yeah, there were oscillations as I would 
attempt to control my position 
longitudinally, it seemed like I would 
overcontrol a little bit on the nose and then 
that would result in the longitudinal 
oscillations HQR 5 

797-804 Were pitch and roll responses to 
control inputs predictable? Roll, yes Pitch, 
not as much .... I don’t know if that combined 
with the lack of visual cues to my fore and 
aft position .. was causing most of the fore 
and aft workload, .. I would be willing to bet 
that most of the roll control workload was in 
just rolling into and then rolling out of, the 
maneuver. HQR 4 

994-998 Position and velocity responses to 
attitude changes predictable? By and large 
yes .. both pitch and roll, appeared to be one 
of the more lightly damped 
configurations... certainly .. the airplane 
didn’t stay where you put it very well HQR 
5 


556-563 pitch and roll attitude responses ... 
slightly less than predictable. All the inputs 
are extremely small and so the changes in 
pitch and roll attitudes are very small. 
However, it seemed that .. a roll input was 

accompanied by an oscillation and since 

it required a lot of roll inputs because it was 
very difficult to stabilize, it was almost a 
constant oscillation. The pitch inputs 
seemed to take a long time to reach steady 
state, .. they were a little bit less than 
predictable. Position and velocity responses I 
to attitude, were unpredictable. It was 
extremely difficult to zero out translational 
velocities, especially fore and aft... they were 
really slow to develop. I would make an 
input and think that the aircraft should 
stabilize over a point and instead two 
seconds later it would be drifting aft or 
forward and the rate building relatively 
quickly. But the rates started off building 
very, very slowly, and so were difficult to 
detect., they made it virtually impossible to 
stabilize over a point and to set the 
helicopter right over a point. HQR 6 

564-573 pitch and roll attitudes and 
responses to control inputs were predictable. 
There was a slight oscillation with the roll 


581 -590 Pitch and roll attitudes 
and responses to control inputs 
were not totally predictable., 
beginning the maneuver the roll 
responses was predictable. It was 
easy to achieve the desired roll 
angle. Coming out of the 
maneuver, decelerating, it often 
over shot level and would kind of 
roll back the other way. I would 
expect it to have gone back to 
level and stop there But instead 
it would continue through level 
and go back into a right bank and 
require a couple of roll inputs in 
order to settle it down. So it was 
predictable during the entry to the 
maneuver, but it was less 
predictable once it got real 
dynamic.. Longitudinal was 
extremely difficult to predict. It 
required compensating for the 
nose up moment that occurred as 
you began to drift to the right ..it 
was extremely difficult to tell 
when to apply the compensation. 
If you applied it too early, then 
you drifted forward and went out 


30 









Hover 

inputs, but it wasn’t really a factor in 
anything, it was just barely noticeable. Were 
position and velocity responses to attitude 
changes predictable? In roll they were, 
longitudinally they weren’t The velocity 
responses were real slow to build and it 
made it pretty difficult to zero out the fore 
and aft translations., it was always fore and 
aft that 1 was getting out of the box _ 
Laterally it wasn’t too bad at all.. Most o! 
the stabilize times were pretty long. ..the 
reason was the fore and aft velocities built 
up kind of slow, so they were difficult to 

detect and compensate for. HQR 6 


Sidestep 

of the bounds. And if you applied 
it too late., there was almost no 
control response at all So pitch 
was extremely difficult to predict. 
And it required real precise timing 
as far as maintaining the X 
position It was only the last two 
runs where I was able to do it. 
And I think that was more luck 
than anything. Y ou can see on the 
traces that the amplitude of the 
control inputs longitudinally 
were just huge but., the motion of 
the aircraft fore and aft was 
minimal ..So that supports the 
fact it’s kind of difficult to 
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APPENDIX E: PILOT COMMENTS FOR HEIGHT HOLD ON AND OFF. 




UH-60 

A 

(Run 864-869) Was pitch, roll and yaw 
responses to control inputs predictable? Roll 
was very predictable Pitch was not so, in that 
there appeared to be a lag. 1 put the control 
input in and then the attitude would continue 
to come in for a split second after the long 
stick had been applied. HQR 4 

(Run 1250-1254) Were pitch, roll and yaw attitude 
responses to control inputs predictable 7 Yes So were 
height responses HQR 3 

SP3A 


(922-926) Pitch, roll and yaw attitude 
responses to control inputs were predictable. 
HQR 2 

(917-921) Pitch, roll and yaw attitude responses to 
control inputs were predictable. The collective 

responses didn’t appear to be .... as soon as I pitch 
above the horizon .. to continue to decel, 1 actually 
have no vertical motion cues whatsoever, and so 1 have 
no idea (if) I’m climbing, (or) descending, and I also 
have no seat of the pants cues, or at least they are not 

typical of the airplane, so it’s very hard for height 

control in the very tail end (of the maneuver), height 
control is affecting also the roll control, because it’s 
drifting to the right each and every time in the 
deceleration HQR 7 


■ 

(904-908) Pitch and roll responses to control 
inputs predictable? Yes. Roll ..appeared a 
little bit lighter damped than the earlier ones. 
HOR 3 

(910-915) Pitch, roll and height responses to control 
inputs predictable? Yes. Although at the end .1 got 
almost out of phase with my collective as 1 was trying 

Hover 



UH-60 

A 

(1 125-1 135) Were position and velocity 
responses to attitude changes predictable? I 
think this is where I had a problem on this 
particular one. The velocity cues would pick 
up and there was a constant monitoring, if you 
were distracted for a moment from one of the 
axes, it was very difficult to know exactly how 
much (control input) you were putting. Every 
time you made a control input you had to 
monitor what happened to predict how much 
attitude and velocity you were getting for that 
particular input. HQR 4.5 

(1182-1187) Did undesirable oscillations occur? 
There is very little to pick up in terms of vertical 
reference cues. ... only cue is that the box within the 
box that we arc using for desired, adequate 
performance, ... pitching of the aircraft as you try to 
get rid of forward drift, results in a movement of that 
box, that ... is indicative of perhaps a climb ..So as 
soon as you go the opposite direction with pitch, now 
you are too high and you start into almost a PIO 
because of those two events.. 

Motion cueing, I still think that the vertical motion 
cues aren’t what they should be to simulate the real 
aircraft . . but having been in the simulator for four 
days, are sensing a little bit more what those motion 
cues are and have .. adapted somewhat to the simulator 


W 

(556-563) Okay. Pitch and roll attitude 
responses to control inputs, are slightly less 
than predictable. All the inputs are extremely 
small and so the changes in pitch and roll 
attitudes are very small. However, it seemed 
that the roll attitude was accompanied by an 
oscillation or a roll input was accompanied by 
an oscillation. It seemed to set off an 
oscillation every time. And so ..because it was 
very difficult to stabilize, it was almost a 
constant oscillation HQR 6 

(574-580) .. pitch and roll attitudes and responses to 
control inputs were predictable. There was a real slight 
oscillation with the roll inputs, but it wasn’t really a 
factor in anything, it was just barely noticeable. .. 
overall they were predictable HQR 6 
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Hover 

Pilot 

Height Hold on 

Height Hold off 

SP3A 

A 

(1036-1040) Pitch, roll and yaw attitude 
responses to control inputs were predictable. 
HQR 4 

(1055-1058) Were pitch, roll and yaw 
attitudes and height responses to control 
inputs predictable? Yes. HQR 2 

(1047*1054) Pitch, roll and yaw attitude responses to 
control inputs were predictable. But height responses 
to control inputs were not. HQR 7 
(l 188-1195) Pitch, roll and yaw attitude responses to 
control inputs predictable.. height responses, still 

having trouble predicting exactly how much 1 need to 
take out of descent or climb rate, and depending on 
how fast or how quick that descent or climb is, directly 
affects mv ability to manage the rest HQR 5 

SP3A 

W 

(523-533) pitch and roll responses to control 
inputs were predictable 1 didn’t see any 
noticeable overshoots. ...it looked like a first 
order response with a pretty short time 

constant there pretty responsive to control 

sensitivity. It required the pilot to kind of 
minimize the control inputs. ...and a little bit 
of backing out of the loop, but it was 
extremely stable once established in the 
hover. . definitely predictable. And pretty 
nice. HQR 2 

(574-580) pitch and roll attitudes and responses to 
control inputs were predictable. 1 didn’t see any kind 
of overshoots or any kind of oscillations involved. 
They were very predictable and very easy to control 
HQR 3 


w 


(1060-1069) Were pitch, roll and yaw attitude 
responses to control inputs predictable? I had 
a little bit of predictability problem in the 
fore and aft, 1 couldn't judge exactly how 
much was required to get rid of the rate and it 
caused me a couple of times to go outside of 
the desired band. In some cases, unless 1 was 
monitoring it pretty well, it caused me to go 
outside the adequate bands. Did undesirable 
oscillations occur? None substantially that I 
4 


saw. HQR4.S 
(581-590) Pitch and roll attitudes and 
responses to control inputs were not, totally 
predictable. Going into the -- beginning the 
maneuver the roll responses was predictable. 
It was easy to achieve the desired roll angle. 
Coming out of the maneuver, decelerating, it 
often over shot level and would kind of roll 
back the other way. .. And then longitudinal 
was extremely difficult to predict. It required 
compensating for the nose up moment that 
occurred as you began to drift to the 
right... and it was extremely difficult to tell 
when to apply the compensation. If you 
applied it too early, then you drifted forward 
and went out of the bounds. And if you 
applied it too late, if the nose up pitch 
moment occurred -- or began, and then you 
applied the forward cyclic, there was almost 
no control response at all. ... till the very end 
of the maneuver. Then you would translate 
forward, after you had finished rolling out. So 
pitch was extremely difficult to predict 
HQR7 


(1232-1241) Pitch, roll and yaw attitudes and height 
responses to control inputs predictable? Yes 
Did undesirable oscillations occur? Yes, they did in 
the roll axis. When you captured the task, the more 
aggressive the roll attitude, there tended to be an 
oscillation. And that oscillation was largely damped 
out if the pilot stayed out of it, but again, any pilot 
interaction with the stick resulted in some sort of roll 
oscillation during the capturing of the heading. And 
the deceleration at the other end. HQR 3 


(591-599) Pitch and roll, yaw attitudes and responses 
to control inputs again, it was much like the last rum 
(see 581) They were not as predictable as they should 
be. Roll wasn't too bad. Roll inputs, especially 
starting the maneuver, accelerating, were very 
predictable, pretty easy to control, achieve the desired 
angle. And coming out of the decel and into it was 
also relatively easy to bring the thing to a stable hover 
in the roll axis. A real minor overshoot down at the 
end, but it would require maybe one or two 
compensating inputs after centering the stick 
longitudinally, again, it required a 
amount of work trying to keep it 
boundaries. HQR 6 


But 
tremendous 
within the 
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Sidestep 

Pilot 

Height Hold on 

Height Hold off 

SP3A 

w 

(534-544) The roll and the yaw attitudes were 
definitely predictable. The pitch was not 
always predictable ...sometimes it required 
huge amounts or large amplitude pitch inputs 
in order to maintain center line. It was really 
quite difficult to maintain X position during 
the course of the maneuver. In order to do so, 
you had to anticipate the need for 
longitudinal inputs. When you didn’t 

anticipate it, if you got behind, then you 
could make all the longitudinal inputs you 
wanted and you wouldn’t get any response a! 
all HQR 5 

(600-605) Roll and yaw were predictable. Again, pitch 
was the most difficult axis. It required relatively good 
timing and relatively large inputs in order just to 
maintain X position throughout. If you got started 
early, then you drifted forward and if you got started 
late, then you got almost no control response at all 
So pitch was a lot less predictable than roll during the 
maneuver. HQR 6 
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APPENDIX F: PILOT COMMENTS FOR EFFECT OF STICK FORCE 
CHANGES 

The following summarizes the effect of stick force gradient and breakout on configuration 
SP4B 


Definition of stick force characteristics 


Force 

characteristics 

Pitch 

Roll 

Breakout lb 

Gradient Ib/in 

Breakout lb 

Gradient Ib/in 

Standard 

0.9 

0.7 

1.0 

1.0 

tt 

0.9 

1.5 

1.0 

1.0 

ttt 

1.0 

1.0 

1.0 

1.0 

Jiu 

1.0 

0.7 

1.0 

0.7 


Pilot comments for configuration SP4B 


i rr 

Evaluation Task 

Force 

characteristic 

Acceleration-Deceleration 

Hover 

Sidestep 

tt 

Pilot S, Run 1520-1523 Were 
pitch and roll attitude responses 
to control inputs predictable? 
Pitch I'd say yes. And roll I’d 
say no. I didn't like the roll axis 
in this configuration. I tended 
to overcontrol it. There were 
several instances where I had a 
hard time maintaining a precise 
attitude in roll, especially 
during the decel. So 1 would say 
pitch was okay and roll was not 
predictable. 1 didn’t like the 
extra force gradient in the stick. 
Pd say that was moderately 
objectionable. HQR 5 



ttt 

Pilot S, run 1537-1541 Pitch and 
roll attitude responses to 
control., position and velocity 
responses to attitude changes 
were predictable Did undesirable 
oscillations occur? Yeah, in 

both axes but very minimally. 
Primarily during the decel and 
stabilizing there in a hover. It 
seemed like there was a little bit 
of slop, but that was the only 
annoyance that there was .. the 
force gradient was stronger than 
it had been in (standard) 

configurations, but not as strong 
as it was, (in TT) So I don't 
know, maybe Pm just imagining 
all that. HQR 3 

Pilot S, Run 1561-1564 Pitch and 
roll responses or attitude to 
responses in the control inputs 
predictable? In pitch, not so much. 
But in roll it was fine. I didn't like 
the pitch axis. Again. 1 was chasing 
it a little bit and PlOing just a little 
bit, especially on that last run. It 
seemed like the closer 1 was in the 
loop the more PIO I got, which 1 
guess makes sense, but when I sort 
of just let things go on their own, 
they worked out a little bit better. 
HQR 5 

Pilot Gr, Run 1570-1574 I usually 
make a comparison between the 
configurations. I had to work 
harder (than standard) trying to 
perform within the desired 
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standards and still 1 didn’t do as 
well So ! was having some 
problems trying to not only get 
stabilized, but once I was in the 
box, being able to move it around 
This time 1 was able to take my 
hands completely off the controls, 
just for short periods of time 
towards the end of the 30 seconds, 
where on the (standard) 
configuration 1 was able to take 
hands off for a longer time. HQR 
4.5 


Pilot Gr, Run 1586-1590 General 
comments, this configuration was 
one of the better ones .. for the first 
few tries, I was kind of oscillating 
fore and aft, trying to find the 
attitude to keep the thing stopped 
here. And sort of got into a fore 
and aft PIO It didn’t have any kind 
of characteristic frequency to it, but 
just wandering around. So I was 
able to keep trying to get out of the 
loop completely and get my hands 
completely off the controls. And 
that actually worked for a while. So 
this is a pretty good configuration 
HQR 4 

Pilot S Run 1 549-1553 Pitch and 
roll attitude responses to control 
inputs predictable? ! didn’t like 
them Too bobbly, too loosey 
goosey. I think they were 
unpredictable. Position and 
velocity responses to attitude 
changes predictable? Same thing. I 
was overcontrolling initially in 
fore and aft, and then I was 
overcontrolling laterally. Just fine 
corrections I find myself getting in 
little PIOs HQR 5 



Pilot Gr. Run I59M596 This 
configuration generally is a good 
one. I saw nothing in the response 
to the aircraft as far as the 
predictability issues and 
undesirable oscillations go. Again, 
this task requires a lot of 
perception of fore and aft drift, 
particularly during the recovery to 
hover at the other end And it’s just 
a matter of doing that, of being of 
course, more difficult here with the 
night conditions and goggles. But 
1 saw nothing in the control system 
in the way of any problems. HQR 3 

Pilot Gr. Run 1597-1607 (HH 
off.) This again is a good 
configuration And with the added 
task of holding altitude with 
practice, I was able to stay pretty 
much within the desired range here. 
A little bit more workload, of 
course, but the my time with the 
goggles and on this task, the 
proficiency is getting up to where I 
could spot changes in altitude as 
well as some fore and aft drift and 
so forth. And it looks pretty good 
all around. I see nothing in the 
flight control system that would 
require improvement. I saw no 
saturations, I saw no oscillations, I 
felt no stick back drive or 
unpredictable response and so 
forth HOR 4 
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Figure 1 : Functional schematic of Limited Authority SCAS 



Figure 2: LASCAS control system architecture (Split Path augmentation with blend out) 
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Figure 3: SP4B Bode plots ( • 


corrected for visual display lag, ■ 


uncorrected) 
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Figure 5: SP1 A Roll responses to force and displacement control Inputs 
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(c) 0.75 inch step 

Figure 6: SP3A Pitch responses to force and displacement control inputs 
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CONFIGURATION 

Figure 13: Effect of stick force gradient and breakout 







Accel-decel Night, run 945 



cim ,ro i «;• Acceleration deceleration time history tor SP3A 
£j£U M. Units: pounds, inches. *» "/sec) 






Ftaure 1 8: Hover time history for SP1 A 

(Ptots 1-3 longitudinal, 4-6 lateral. Units: pounds, inches, deg, deg/sec, ft/sec) 
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Hover Night, run 765 
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Fiaure 21 : Hover time history for UH-60. w . 

(Ptots 1-3 longitudinal. 4-6 lateral. Units: pounds, inches, deg, deg/sec, ft/sec) 
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Sidestep Night, run 1301 
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Finure 22* Sidestep time history for SP1 A. 

(Ptotel -3 longitudinal 4-6 lateral. Units: pounds, inches, deg, deg/sec. tt/sec) 


! g Sidestep Night, run 1292 






Fiaure 24: Sidestep time history for SP4B. 

(Ptots 1-3 longitudinal, 4-6 lateral. Units: pounds, inches, deg, deg/sec, ft/sec) 
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Figure A 1 : Illustration of pulse 
response required for 
Attitude Hold and 
Direction Hold resonse types 
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Figure B 1 : Suggested course for Hover Maneuver 



Figure B 2: Suggested course for acceleration deceleration maneuver 
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Figure B 3: Suggested course for sidestep maneuver 
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